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ABSTRACT
Very high energy (VHE; E > 100GeV) γ−ray from cosmological distances are
attenuated by the extragalactic background light (EBL) in the IR to UV band. By
contrasting measured versus intrinsic emission, the EBL photon density can be derived.
However, neither the intrinsic spectra nor the EBL is separately known - except their
combined effect. Here we first present a flexible model-dependent optical depth method
to study EBL by fitting the emission spectra of TeV BL Lacs objects via a one-zone
leptonic synchrotron self-Compton model (SSC). We have little information about
electron energy distributions (EEDs) in the jet, which is critically important to build
spectral energy distributions (SEDs) in SSC scenario. Based on the current particle
acceleration models, we use two types of EEDs, i,e., a power-law log-parabola (PLLP)
EED and a broken power-law (BPL) EED to fit the observed spectra. We obtain that
the upper limits of EBL density are around about 30 n W m−2 sr−1, which are similar
to the published measurement. Furthermore, we propose an unprecedented method to
test radiation mechanisms involved in TeV objects by simply comparing the reduced
EBL density with the limit obtained by galaxy counts, and demonstrate that for some
BL Lacs, at least, the one-zone SSC model should be reconsidered.
Key words: Gamma-rays: galaxies– BL Lacertae objects: general – diffuse radiation
1 INTRODUCTION
The diffuse extragalactic background light (EBL) from far-
infrared to ultraviolet, is thought to be the radiation ac-
cumulated in the history of the Universe, dominated by
starlight, either through direct emission or absorption/re-
emission by dust. The spectral energy distributions (SEDs)
of EBL marked as the two humps, their first one is arising
from starlight and peaking at λ ∼ 1µm, and the second one
is locating in the warm dust and peaking at λ ∼ 100µm. The
EBL contains the critical information of the star formation
processes and galaxy evolution.
The direct measurement still is hardly achieved due to
the zodiacal foreground light (Hauser 1998), so the level
of obtained EBL density is uncertain by a factor of sev-
eral. The another approach to estimate the EBL is arising
from the galaxy counts by deep optical/infrared observations
⋆ qggao@yxnu.edu.cn
(Madau & Pozzetti 2000; Fazio et al. 2004; Driver et al.
2016). This method may miss the faint undetected sources
as well as the outer regions of the normal galaxies, hence
it is thought to be the lower limits of EBL density (e.g.
Bernstein et al. 2002).
BL Lac objects with very high energy gamma-ray
emission (VHE; >100 GeV) have been used to constrain
the EBL. Their observed emission is jet dominated and
the observed SEDs are bimodal. Generally, the first bump
from radio to UV or X-rays is explained with the syn-
chrotron emission of relativistic electrons accelerated in
the jets, and the second bump at the GeV-TeV band
is probably originated from the inverse Compton (IC)
scattering of the same electron population. Their VHE
gamma-rays are attenuated by low energy EBL photons
through the pair production process (γVHEγEBL → e
+e−)
. With assumptions about intrinsic gamma-ray spectra
of BL Lac objects, comparing with the observed spectra,
the EBL density can be derived (e.g. Stecker & de Jager
c© 0000 RAS
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1993; Dwek & Slavin 1994; Stanev & Franceschini 1998;
Schroedter 2005; Mazin & Raue 2007; Finke & Razzaque
2009; Yang, & Wang 2010; Domı´nguez et al. 2013;
Sinha et al. 2014). Several studies have been carried
out to limit the EBL density by VHE observations.
Yang, & Wang (2010) and Finke & Razzaque (2009) used
an assumption that the intrinsic photon index may abide
by the certain values (e.g.,Γ ∼ 1.5). However, their results
relay on the origins of the observed peak between Fermi
spectra and VHE. Various studies have been carried out
to constrain the EBL density by assuming an intrinsic
γ-ray spectrum (e.g. Mazin & Raue 2007; Ackermann et al.
2012; Desai et al. 2019; Franceschini et al. 2019), such as a
simple power law dN/dE ∝ E−Γ, as well as scaling existed
EBL models (e.g. Stecker et al. 2006; Kneiske et al. 2004;
Gilmore et al. 2009; Finke et al. 2010) in amplitude. Note
that above studies, the shape of the intrinsic spectrum is
still under debated, and the fitting data relay on the GeV -
TeV band, which always are poorly observed. Furthermore,
by simply scaling a factor to an EBL model, we may miss
the fact that the discrepancy of the optical depth in each
band is various.
The observed flux fobs in the energy Eγ is given by
fobs(Eγ) = fint(Eγ)e
−τ(Eγ ,z), where fint is the intrinsic flux,
and τ (Eγ , z) is the optical depth of Eγ photon which depends
on the choice of the EBL template. In this paper, a model-
dependent equation is introduced to describe τ (Eγ , z) as
log10(τ (Eγ , z)) = log10(τ0(Eγ , z)) + a0log10(
Eγ
E0
), (1)
where the a0 and E0 are free parameters, and the EBL tem-
plate, τ0(Eγ , z), is given by Finke et al. (2010) , in which no
correlation of the VHE index with the redshift is assumed.
Unlike the Polynomial fitting, this formula has a few param-
eters and gives the better precision of EBL approximation.
In this paper, we employ the one-zone synchrotron self-
Compton (SSC) model to estimate the intrinsic spectrum,
which can be well used to produce the SEDs of BL Lacs
(Ghisellini & Tavecchio 2010b; Zhang et al. 2012) for the
TeV BL Lacs suffer less contamination of the emission from
the accretion disk and external photon fields. In addition,
we also exclude the possible radiation mechanism like the
hadronic model for the consistency among objects and will
take into account in the future study. Furthermore, in sev-
eral cases, e.g., Mrk 501 in 1997 (Aharonian et al. 1999),
the SED of BL Lacs, if not observed at the same time, can’t
be explained with a single SSC component. For the reasons
above, to guarantee the one-zone SSC method is appropri-
ated, we only use quasi-simultaneous multiwavelength data
to fit the intrinsic spectrum.
Noted that the electron energy distributions (EEDs),
encoding the important information about the acceleration
and cooling processes of electrons in the jet, is still uncertain,
and will significantly affect the shape of SEDs in the SSC sce-
nario (Yan et al. 2013; Qin et al. 2018a,b). It will remind us
to test kinds of EEDs in our paper so that the best fitting re-
sult can be obtained. Commonly, three types of EEDs, i.e. a
power-law EED with exponential cut-off (PLC), a power-law
log-parabola (PLLP) EED and a broken power-law (BPL)
EED can be found in the literature, e.g.,Zhu et al. (2016);
Qin et al. (2018a). However the PLC EED does not cover
SEDs very well and has been ruled out in the TeV BL Lacs
scenario (please see our previous paper Qin et al. (2018a)).
In this paper, two types of EEDs, PLLP and BPL have been
carried to fit the intrinsic SEDs of BL Lacs. The detailed de-
scription of those modes will be gave in the next section.
Throughout this work, we take the cosmological param-
eters, H0 = 70 km s
−1 Mpc−1, ΩM=0.3, and ΩΛ=0.7 to
calculate the luminosity distance.
2 MODEL AND STRATEGY
The EBL photons of proper number density n(ǫ, z) with
energy ǫ at redshift z, can attenuate the observed VHE γ-
rays with Eγ by
τ (Eγ , z) = cπr
2
e(
m2c4
Eγ
)2
∫ z
0
dz
dt
dz
∫
∞
m2c4
Eγ (1+z)
dǫ·ǫ−2n(ǫ, z)ϕ¯[s0(ǫ)],
(2)
where re is the classical electron radius, s0 = ǫEγ/m
2c4,
ϕ¯[s0(ǫ)] is a function given by Gould & Schre´der (1967), and
dt
dz
is the differential time of redshift.
For TeV BL Lacs with the low redshift, the dt/dz can
be roughly taken as H−10 . Usually the monochromatic ap-
proximation is used, the EBL photon absorbing gamma-ray
photon with ǫ1 has the energy of ǫ
′
∗ ≈ 2/ǫ1, where the pair-
production cross section is the largest. Using the Dirac delta
function, the upper limit on the EBL number density, n(ǫ, z),
can be expressed as
n(ǫ, z ≈ 0) ≈ ǫ′n
(
ǫ′, z ≈ 0
)
δ
(
ǫ− ǫ′
)
. (3)
Taking Eq. (3) into Eq.(2), we obtain the density of
EBL photons as
n
(
ǫ′, z ≈ 0
)
=
2H0τγγEγ
czeπr2em2c4ϕ(2)
, (4)
where ϕ(2) ≈ 1.787, and τγγ is given by fitting the observed
SEDs of TeV BL Lacs with the optical depth Eq.(1). The
error of the EBL number density is given by
σ(n) =
2H0σ (τγγ)Eγ
czeπr2em2c4ϕ(2)
, (5)
and σ(τγγ) can be roughly estimated by σ(τγγ) =
σ(fobs(Eγ))/fobs(Eγ).
Finally, the EBL density can be expressed as
νIν(z) =
c
4π
ǫ2n(ǫ, z). (6)
We assume that the emitting region of TeV BL Lacs
is a sphere of the size R, where the magnetic field strength
and a Doppler factor are B and δD, respectively. We then fit
the quasi-simultaneous SEDs data of each source with a SSC
model given by Finke et al. (2008). Furthermore, we employ
the MCMC algorithm to do the SEDs fit, which is very ef-
ficient for the minimization in high-dimensional parameter
space (Lewis & Bridle 2002; Mackay 2003; Yan et al. 2013;
Inoue & Tanaka 2016; Qin et al. 2018a,b). After fitting pro-
cess, we can obtain two types of probability distributions,
namely, the maximum probability, which is consisted with
the best-fit one obtained by minimizing the likelihood, and
the marginalized probability distributions that can reflect
the confident levels (C.L.) of the parameters. If two types of
c© 0000 RAS, MNRAS 000, 000–000
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distributions have a similar shape and interval, then we can
assert that the parameters have been constrained well.
The PLLP EED, produced by stochastic accelera-
tion when the acceleration dominates the radiative cooling
(Becker et al. 2006; Tramacere et al. 2011), is given by
N ′(γ′) = K′e


(
γ′
γ′c
)
−s
γ′min 6 γ
′
6 γ′c(
γ′
γ′c
)
−[s+r log( γ
′
γ′c
)]
γ′c 6 γ
′
6 γ′max .
(7)
When no acceleration exists in the jet, the cooled EED,
can be represented by the Band et al. (1993)-type function.
Dermer et al. (2009) has modified this EEDs and described
as the BPL shape by
N ′e(γ
′) = K′eH(γ
′; γ′min, γ
′
max){γ
′−p1 exp(−γ′/γ′b)
×H [(p2 − p1)γ
′
b − γ
′] + [(p2 − p1)γ
′
b]
p2−p1γ′−p2
× exp(p1 − p2)H [γ
′ − (p2 − p1)γ
′
b]}, (8)
where s is the electron energy spectral index, r is the cur-
vature term of the EED, γ′c is the high energy cut-off, K
′
e is
the normalization factor of the EED, γ′min and γ
′
max are the
minimum and maximum energies of electrons, respectively.
In the Eq. (8), the H(x;x1, x2) is the Heaviside function:
H(x;x1, x2) = 1 for x1 6 x 6 x2 and H(x;x1, x2) = 0 ev-
erywhere else, γ′b and γ
′
c are the break Lorentz factor in the
two EEDs, and p1,2 is the spectral index below and above
γ′b.
As shown above, our model contains the size of blob
R′b, the magnetic field B, the redshift z, the free parame-
ters of a0 and E0 in the optical depth, the Doppler factor
δD, the minimum variability tv,min, and the electron spec-
trum. However, γ′min is always poorly constrained by SED
modeling. To get γ′min is difficult and can not been fitted
directly for the origin of radio band is uncertain, so we set
γ′min to be 40-300 used in the literature, e.g.,Zhang et al.
(2012) and Qin et al. (2018b), in which their γ′min con-
strained with the observed SEDs via a method offered by
Tavecchio et al. (2010). However, to get better fitting SEDs,
we adjust γ′min in a small range and compare with χ
2/d.o.f.
We get the blob’s size by R′b = δDctv,min/(1 + z). Accord-
ing to (Xie et al. 2001; Fossati et al. 2008), the timescales
of variability from hours to intra-day have been observed in
the BL Lacs, therefore, we simply set tv,min to be 24 hours
for the source without minimum variability. Our model is
not sensitive to γ′max for the Klein-Nishina (KN) effect that
can modify the SSC spectra at high energy(Moderski et al.
2005), so we roughly set γ′max as 100×γ
′
b (γ
′
c) (Zhang et al.
2012).
3 APPLICATION AND RESULTS
In order to study EBL by the pair production process,
six TeV BL Lace objects with (quasi-) simultaneous multi-
waveband SEDs are considered. The sample contains one in-
termediate synchrotron peaked BL Lac object (IBL, 1014Hz
< νpk < 10
15Hz), 3C 66A, and six high synchrotron
peaked BL Lac objects (HBL, 1015Hz > νpk), namely,
1E S1218+30.4, Mrk 421, Mrk 501, PKS0447-439, W com
(with high and low stage). Their (quasi-) simultaneous
multi-waveband data, γ′min and tv,min are complied by
Zhang et al. (2012) except for PKS 0447-439, which the
data is getting from Prandini et al. (2012).
The EBL spectrum presented in Figure 1-7 is estimated
directly from fitting observed SEDs of TeV BL Lasc objects
with one-zone SSC model, and the model parameters are
summarized in Table 1-2. We also plot the reduced EBL
density in the the two panels of Fig.8 based on the value of
EBL density. Here we briefly describe the strategy for fitting
seven BL Lacs and interpret their result.
1.1ES1218+30.4. As an HBL, we take tv,min=12 hr from
the light curve (Acciari et al. 2010). Zhang et al. (2012)
used γ′min=300. However, in our paper, we set γ
′
min = 100 to
get a better fitting result. From Fig. 1, we can see that the
SED is well fitted by BPL and PLLP EEDs. The reduced
EBL density shown in the right panel of Fig.8 is lower than
that obtained by galaxy counts in the BPL EEDs, but it
is roughly consistent with Stecker06-baseline (Stecker et al.
2006) in the PLLP EEDs shown in the left panel of Fig.8. It
is noted that the lower errors are not plotted for their larger
uncertain. Besides, the 1σ contour shows that the distribu-
tion of a0 and E0 are not constrained very well. The proper
EBL density obtained by this source could be between 1.5
and 11 n W m−2 sr−1.
2.3C 66A AS an IBL, its redshift is still under de-
bated. In this paper, we set z = 0.44 to fit the SEDs. We
take tv,min = 12hr and γ
′
min = 200 (Zhang et al. 2012).
As shown in Fig.2, we can see that the fitting SEDs are
very well in two types of EEDs. In the left panel of Fig.8,
the EBL density in BPL EEDs is consistent with that of
Finke et al. (2010), and in PLLP EEDs, it is higher than
that of Finke et al. (2010) in each band. Anyway, we can’t
rule out both results, which need to distinguish the SEDs
via further work using the 20 - 50 KeV observation.
3.Mrk 421 As an HBL object, we take tv,min = 3hr
and γ′min = 180 (Zhang et al. 2012). As shown in Fig.3,
two SEDs fail to fit the GeV-TeV spectrum, disfavoring the
one-zone SSC scenario. Besides, the EBL density can’t be
reduced in BPL EEDs, and it is significantly lower than
that obtained by galaxy counts in the PLLP EEDs, shown
in the right panel of Fig.8.
4.MRK 501 As an HBL object, we use the SEDs in
the low stage compiled by Zhang et al. (2012). We take
tv,min = 12hr and γ
′
min = 150 (Zhang et al. 2012). How-
ever γ′min = 250 gives a better fitting result. As shown in
Fig.4, the SEDs fitted by two types of EEDs are rational.
However, like Mrk 421, the reduced EBL density by two
models should be ruled out. Further research, such as the
simultaneous Fermi observation should be taken into ac-
count.
5.PKS 0447-439 It is an HBL, we set γ′min = 100 and
tv,min = 24hr to build the SEDs (Qin et al. 2018b). We can
find that the modeling SEDs favor the observation both in
two EEDs. However, as shown in the right panel of the Fig.8,
the EBL density is lower than that given by galaxy counts
in BPL EEDs and should be discarded. The EBL density
obtained in the PLLP model, shown in the right panel of
Fig.8, is about 6-20 n W m−2 sr−1 slightly higher than that
givem by Stecker et al. (2006).
6.W com As a TeV IBL object with the redshift of 0.10,
we take tv,min = 12hr and γ
′
min = 200 in low and flare
stages. For the low stage, as shown in Fig.6, both SEDs have
lost the observed data between 1024 − 1025Hz band. In the
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. The model parameters of the best-fits and the marginalized 68% confident intervals (CI) are listed for BPL EEDs.
Source name z B (0.1G) Log10[γ′b] δD (10) Log10[K
′
e] p1 p2 a0 E0 χ
2/d.o.f
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
1ES1218+30.4 0.18 4.68 5.18 1.06 54.27 2.39 6.18 0.70 7.25 0.51
(68% CI) - 1.97 - 4.98 5.07 - 5.30 1.00 - 1.53 53.71 - 54.51 2.25 - 2.44 4.00 - 7.00 0.48 - 3.27 1.90 - 8.40 -
3C66A 0.44 0.97 4.14 3.25 50.80 1.19 5.03 0.46 5.23 1.23
(68% CI) - 0.99 - 1.47 4.07 - 4.16 2.80 - 3.28 50.33 - 51.41 1.07 - 1.36 5.00 - 5.11 0.62 - 3.21 0.50 - 8.41 -
MRK421 0.03 0.46 5.12 4.19 52.02 2.07 4.87 7.02 7.48 1.85
(68% CI) - 0.41 - 0.51 5.10 - 5.14 4.06 - 4.36 51.95 - 52.07 2.05 - 2.09 4.76 - 5.01 3.11 - 8.00 5.57 - 8.00 -
MRK501 0.03 0.98 5.37 1.44 53.96 2.38 4.04 3.76 7.56 0.37
(68% CI) - 0.60 - 1.26 5.29 - 5.57 1.29 - 1.75 53.65 - 54.62 2.31 - 2.53 3.75 - 8.30 0.86 - 4.00 3.08 - 8.69 -
PKS0447-439 0.11 0.56 4.80 2.24 54.89 2.35 4.39 0.29 0.18 0.42
(68% CI) - 0.76 - 1.36 4.64 - 4.89 1.65 - 2.05 54.41 - 55.60 2.27 - 2.57 4.35 - 6.24 0.00 - 5.61 1.60 - 12.16 -
Wcom 0.10 0.10 4.51 4.10 52.96 1.85 3.75 0.41 0.28 1.67
(68% CI) - 0.13 - 0.25 4.43 - 4.58 3.11 - 3.87 52.97 - 53.42 1.85 - 2.01 3.71 - 3.92 0.00 - 1.44 0.61 - 5.27 -
Wcom flare 0.10 0.10 4.32 3.58 52.46 1.62 3.49 0.31 0.22 0.86
(68% CI) - 0.10 - 0.93 4.27 - 4.43 1.55 - 3.00 52.78 - 53.79 1.73 - 2.03 3.52 - 3.76 0.00 - 0.79 0.10 - 5.37 -
Table 2. The model parameters of the best-fits and the marginalized 68% confident intervals (CI) are listed for PLLP EEDs.
Source name z B (0.1G) Log10[γ′c] δD (10) Log10[K
′
e] s r a0 E0 χ
2/d.o.f
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
1ES1218+30.4 0.18 0.55 5.54 2.19 41.05 2.65 8.55 0.20 3.15 0.35
(68% CI) - 0.25 - 3.42 5.19 - 5.54 1.00 - 2.19 41.02 - 41.70 2.61 - 2.69 3.82 - 14.99 0.72 - 3.38 2.41 - 8.64 -
3C66A 0.44 1.02 3.68 3.13 46.43 1.67 1.18 0.81 0.85 1.28
(68% CI) - 0.92 - 1.32 3.58 - 3.74 2.79 - 3.27 46.28 - 46.64 1.57 - 1.74 1.11 - 1.26 0.91 - 4.00 0.11 - 8.18 -
MRK421 0.03 0.47 4.61 4.16 42.37 2.12 1.18 1.32 4.54 1.99
(68% CI) - 0.44 - 0.55 4.57 - 4.66 3.95 - 4.29 42.25 - 42.45 2.10 - 2.15 1.13 - 1.26 0.85 - 3.38 0.10 - 4.15 -
MRK501 0.03 0.70 4.27 1.70 43.79 2.16 0.57 1.27 6.48 0.32
(68% CI) - 0.36 - 1.00 4.29 - 4.85 1.44 - 2.13 42.36 - 43.77 2.18 - 2.52 0.56 - 0.78 1.75 - 8.26 2.51 - 14.99 -
PKS0447-439 0.11 0.69 4.11 2.07 45.10 2.43 0.80 0.70 6.06 0.38
(68% CI) - 0.52 - 0.87 3.78 - 4.29 1.89 - 2.34 44.60 - 45.95 2.31 - 2.55 0.58 - 0.98 0.01 - 8.36 2.30 - 9.99 -
Wcom 0.10 0.24 3.91 3.14 45.44 2.09 0.70 0.43 12.60 2.05
(68% CI) - 0.22 - 0.38 3.85 - 3.97 2.72 - 3.23 45.28 - 45.57 2.07 - 2.17 0.66 - 0.75 0.00 - 8.38 3.12 - 12.71 -
Wcom flare 0.10 1.54 3.59 1.18 46.53 2.16 0.60 5.80 0.46 1.03
(68% CI) - 1.40 - 1.71 3.56 - 3.71 1.12 - 1.24 46.23 - 46.62 2.14 - 2.20 0.59 - 0.68 2.37 - 9.99 0.10 - 12.36 -
Fig.7, like PKS 0447-439, the EBL results are valid in PLLP
EEDs and about 10-20 n W m−2 sr−1, which are similar to
the result given by Stecker et al. (2006). For the flare stage,
as shown in Fig.7, the fitting SEDs seem to cover multi-
waveband spectra although insufficient observation in GeV-
TeV band. Unlike other sources, the reduced EBL density
in BPL EEDs is more reasonable than that in PLLP EEDs,
which is similar to the result given by Stecker et al. (2006),
and it is about 10 n W m−2 sr−1. We also note that the
EBL density in PLLP EEDs looks very weird.
4 DISCUSSION AND CONCLUSION
In this paper, we present the study of the EBL density by
fitting observed SEDs of TeV BL Lacs objects based on the
semi-model dependent optical depth. However, we should
point out that, in our method, three issues should be taken
into account. 1) The reliable intrinsic spectra. We use one-
zone SSC to fit the SEDs, which has already been widely
used in several paper. Meanwhile, we take two types of EEDs
to govern the SEDs for finding the change of the EBL spec-
trum for the uncertain EEDs in the emitting region. Then
we also use (quasi-) simultaneous multiwavelength data to
guarantee that the SSC mechanism is appropriated. Besides,
several radiation mechanisms like the hadronic model still
have problem, which require extremely physical condition
such as large magnetic field and plentiful protons. 2) The
EBL optical depth temple. As discussed in the introduction,
we offer a more flexible optical depth model to fit the SEDs
with a few parameters and can get better result. 3) The
fitting method. Unlike ”eyeball fitting”, we use the MCMC
method to explore the parameter space during our fitting
processes.
As comparisons, we also plot the results of some EBL
models in the two panels of Fig.8, including the models of
Stecker et al. (2006), Finke et al. (2010), and the lower lim-
its of EBL of Madau00 from Madau & Pozzetti (2000). In
the left panel, we plot the EBL density that is higher than
the lower EBL one offered by Madau & Pozzetti (2000). In
the right panel, we find that the EBL density is lower than
the limit given by galaxy counts (Madau & Pozzetti 2000).
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. The SEDs of 1ES1218+30.4 fitted by two types of EEDs. The solid black and the shaded areas in cyan represent the best
fitting SEDs and the contours under the 1σ error bands, respectively. (a) Fitting by BPL EEDs.(b)Fitting by PLLP EEDs. (c) and (d)
The distributions of parameters in BPL and PLLP EEDs,where the dotted lines show the maximum likelihood distributions, the solid
lines show the marginalized probability distributions.
In general, the results we generated are plausible, in
which the EBL densty is roughly consisted with that deter-
mined by UV to sub millimeter observations. We have shown
that the upper limit of EBL densities are close to 1 - 30 n
W m−2 sr−1 for the EBL photons with 1 eV∼ 5 eV, which
are similar to the published measurement. In addition, it
is found that our result are more likely consistent with the
baseline and fast evolution models of (Stecker et al. 2006),
which the EBL density is about 20 n W m−2 sr−1. Note
that the EBL density obtained by lower redshift sources are
much closer to the previous results than that reduced by
high redshift objects, which disfavor that the EBL is more
transparent to distant γ-ray (Franceschini et al. 2019); Be-
sides, for lower redshift objects, Mrk 421 and Mrk 501, they
seemly fail to obtain reasonable limits on the EBL density.
As shown in Fig.8, both in BPL and PLLP EEDs, the sev-
eral reduced EBL densities are lower than those obtained
by galaxy counts. It is implied that the one-zone SSC model
could not explain those TeV objects, and other radiation
components from Hadronic process (Zheng et al. 2016) or
electromagnetic cascades (EM) (Chen et al. 2015) should be
considered. Yan et al. (2013) have used the different EEDs
in the frame of a one-zone SSC model to investigate the ac-
celeration processes in the jet of BL Lacs by analyzing the
fitting SEDs. However, it is still hard to find out the dis-
crepancy among those spectra for the limit of observation.
Interestingly, our method can be used to test the radiation
mechanism by simply comparing the reduced EBL density
with the lower limits from galaxy counts. Furthermore, the
lower EBL density in this work may be reasonable, because
non-standard effects, such as the axion-like particles (ALPs)
Arlen et al. (2014) and violation of Lorentz invariance (LIV)
Akahori, & Ryu (2010), may allow the VHE spectra to void
the EBL absorption.
Besides, after our fitting process, we also calculate the
ratio between the comoving electron and magnetic field en-
ergy density as u′e/u
′
B =
mec
2 ∫ γ′n′(γ′)dγ′
B2/8π
, where n′(γ′) =
3N(γ′)
4πR′
b
3 is electron number density per volume. As shown
in Table 3, our result indicts that most sources are near
equipartition, and the value of u′e/u
′
B is cluster at 40, favor-
ing the HBL scenario that those BL Lacs need not to in-
troduce a additional VHE component (Dermer et al. 2014).
Comparing our discussion above, it is not contradictory, for
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Figure 2. As Fig. 1, but for 3C 66A.
Table 3. The equipartition parameter between the comoving
electron and magnetic field energy density
Source name EEDs u′e/u
′
B
[1] [2] [3]
1ES1218+30.4 BPL 10.3
PLLP 486.4
3C66A BPL 33.3
PLLP 47.1
MRK421 BPL 35.3
PLLP 33.2
MRK501 BPL 22.7
PLLP 16.9
PKS0447-439 BPL 41.7
PLLP 33.5
Wcom BPL 595.5
PLLP 180.4
Wcom flare BPL 1607.8
PLLP 208.8
one reason, our fitting is suitable, or for another, the VHE
component may exist and be weaked by our flexible opti-
cal depth model. In addition, from the Talbe 1 and 2, the
Doppler factors δD and the magnetic field B are clustered
at 25, and 0.01, respectively, showing that the TeV objects
in our paper are ”normal”.
As shown in Fig.8, the γ-ray observation errors are still
large, leading to the huge uncertain in the reduced EBL
density. In addition, the EEDs, commonly used to model
the SEDs Yan et al. (2013); Zhou et al. (2014); Qin et al.
(2018a), need further to be tested. The recent investiga-
tion (Zheng et al. 2018) suggested that the EED has many
different shapes if the stochastic Fermi acceleration, radia-
tive losses, particle injection and escape are considered.
Besides, as discussed above, before using TeV observa-
tion to study the EBL density, we should make sure that
the (quasi-) simultaneous multi-waveband SEDs are needed
and one-zone SSC model is appropriated for certain TeV
sources. Furthermore, the monochromatic assumption in
this work could lead to a higher upper limit, as discussed
by (Finke & Razzaque 2009).
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Figure 3. As Fig. 1, but for MRK 421.
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Figure 6. As Fig. 1, but for W com.
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Figure 7. As Fig. 1, but for W com in the flare stage.
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Figure 8. Constrains of EBL by TeV BL Lacs. several EBL models are plotted: the baseline and fast evolution models of Stecker06
(Stecker et al. 2006), the Finke 10-Model-C (Finke et al. 2010) and the lower limits of EBL of Madau00 from Madau & Pozzetti (2000).
The shaded area represents the range of the allowed EBL intensity as determined by UV to sub millimeter observations. The left and
right panel depict that the EBL densities are larger and lower than the value of Madau00, respectively
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